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characteristic features of the very early universe
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in our understanding,

As we make progress
our view of which problems are

hard’ changes.
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"hard’ problems:

singularity resolution & 1ts cosmological implications
Brandenberger; Graham, Kaplan, Rajendran; ljjas & Steinhardt; Vafa, ..

models based on modified gravity

ljjas, Steinhardt, Pretorius; Lehner, Kovacs & Reall, ..

non-linear & non-perturbative cosmological dynamics
within Einstein gravity

Clough, Flauger; East, Senatore; ljjas, Steinhardt, Pretorius




Cosmology & General Relativity
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conventional picture of smoothing & flattening:

Step #1: a Hubble patch becomes smooth following a "natural succession’ of events
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‘survival of the largest”

Step #2: space-time becomes flat and smooth on super-Hubble scales while the Hubble

radius [H|? evolves at a different rate than the scale factor a:
‘H‘—1~ ae

‘rate’ is determined by the stress-energy content characterized by the

equation-of-state ¢ = g <1 . B)
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What can cause slow contraction (g > 3)? ©
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m = 0.1 or 0.01 in Planck units
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slow contraction is different!

w/W.G. Cook, E. Y. Davies, D. Garfinkle, |. Glushchenko, F. Pretorius, P.J. Steinhardt, and A.P. Sullivan

arXiv: 2109.09768 ; 2104.12293; 2103.00584; 2006.04999; 2006.011 /2
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Smoothing through Ultralocality

arXiv: 2104.12293; 2103.00584; 2006.04999; 2006.011/2
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e.g., ljjas et al.: PRD 89 (2014)123520

Generation of primordial perturbations
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Non-perturbative analysis
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arXiv: 2109.09 /768
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Non-perturbative analysis
arXiv: 2109.09/68
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